The external form of the filiform papillae of the tongue of various vertebrates has been described through use of the scanning electron microscope (SVEJDA and SKACH,1971; YOSHIOKA and MUT0,1976; SHIMIZU et al., 1979; BOSHELL et al., 1982; KOBAYASHI and SHIMAMURA, 1982; STEFLIK et al., 1983; IIDA et al., 1985; IWASAKI and KOBAYASHI, 1986) . However, little is known about the three-dimensional structure of the connective tissue papillae in the tongue except for a few papers: a light microscopical study of the human tongue (HORSTMANN, 1954) and scanning electron microscopical studies of the human tongue (SCHENK and WERSALL, 1975) and of a few experimental animals (KOBAYASHI et al., 1987) .
Though it is possible to reconstruct the shape of the connective tissue papillae of the tongue from light microscopic sections, direct observation of their surface by scanning electron microscopy is much simpler in procedure and more effective for the collection of detailed information.
The difficulty of observing the true surface structure of the connective tissue papillae is coupled with the difficulty of the removal of the epithelial cell layer from the underlying connective tissue layer. A basement membrane lies between the two components, and if one can disolve or soften it with an acid, the epithelium and the connective tissue layer are expected to separate from each other. This paper demonstrates the external structure of the connective tissue papillae of the tongue in newborn dogs exposed by this method and observed by scanning electron microscopy. The spacial relation between the epithelial layer and the papillae was confirmed by light microscopy.
MATERIALS AND METHODS
Tongues from six puppies (mongrel dogs), 1 week after birth weighing about 400 g, were used in the present study. The anterior dorsal mucous membrane of the tongues with part of the muscular layer was fixed in Karnovsky's fixative (KARNOVSKY,1965) for 1 week, or kept in 10% f ormalin for 3 months, or 4% paraf ormaldehyde solution for 1 week.
Oriented small pieces of the dorsal mucous membrane of the tongue were dissected out and immersed in 8N-HC1 for 4 days to 1 week at room temperature (about 22-25° C); some of them were exposed to ultrasonic waves for 30 sec to fascilitate tissue layer separation following acid hydrolysis.
A part of the epithelial cell layer was carefully removed from the connective tissue layer, and some of the dissected specimens were refixed in a solution containing 2.5% glutaraldehyde and 1% tannic acid in cacodylate buffer for 12 hrs. After washing in the same buffer, the tissues were postfixed in 1% 0504 for 1 hr, and dehydrated in a graded ethanol series. After being passed through isoamyl acetate for 1 hr, the specimens were critical point-dried and evaporation-coated with platinum-palladium. Observations were made in an S-800 scanning electron microscope (Hitachi) at 5-15 kV.
For light microscopy, the tissues were fixed in 10% formalin, embedded in paraffin, sectioned at a thickness of 5 pm and stained with hematoxylin and eosin.
RESULTS
Filiform papillae densely distributed on the dorsal surface of the puppy tongue were seen as ovoid protrusions of 100-150 gum in diameter (Fig. 1) . From their round base on the upper surface of the tongue, they were inclined slightly to the posterior. Some of the papillae were tapered toward the end with slightly pointed tips. Fungiform papillae were scattered among the filiform papillae and represented larger round protrusions of about 150-200 ,um in diameter. At higher magnification, their upper surface was In all figures the large arrow indicates the anterior (apical) direction of the tongue. covered by several flat and polygonal epithelial cells, some of which showed signs of desquamation (Fig. 2) . On the upper surface of the filiform as well as the fungiform papillae, micro-ridges of irregular patterns or micro-pit structure were densely distributed. At places where some of the epithelial cells were partially peeled off from the surface of the connective tissue papillae, overlapping squamous epithelial cells represented a lamellar structure surrounding the connective tissue papilla (Fig. 2) . Over ten sheets of the epithelial cells can be counted in Figure 2 surrounding the posterior part of a connective tissue papilla.
When the entire epithelial layer of the filiform papillae was successfully removed, smaller connective tissue papillae were exposed ( Fig. 1-3) . A distinct polarity was seen with the posterior curvature, tapering toward the anterior end of the arm which curved inward. The length of the arm measured about 50 a m (Fig. 2, 3) . At a higher magnification, the surface of the connective tissue papilla appeared to be covered with a number of fibrous components which consisted of collagenous fibers of variable thickness. The fibers at the top of the head ran from an antero-medial to postero-lateral direction along the curvature of the head, while at the surface of the arm, they ran from an antero-medial to postero-lateral direction. Thick fibers frequently branched, forming complicated networks with neighboring fibers (Fig. 2, 3) . On the surface of these networks, round or oval depressions of about 2-10 ,um in width whose bottoms were lined with finer networks of fibers were frequently observed. These depressions seemed to provide a stronger surface for attachment between the outer covering of the epithelial cell layer and the connective tissue papillae by lodging part of the basal epithelial cell layer. Figure 4 shows a scanning electron micrograph representing the basal epithelial surface of the filiform papillae. The round holes seen on the basal face correspond to the projections in the connective tissue papillae shown in Figure 3 , and an elliptical anterior bulge found on one side of each hole corresponds to the anterior depression of each connective tissue papilla in Figure 3 .
Figures 6 and 8 show light microscopical views of sagittal sections of the filiform papillae with their respective connective tissue papillae, while Figure 7 shows a transverse or oblique section. The anterior column of the filiform papillae is continuous with the basal cells lining the anterior portion of the connective tissue papilla. This column contained a granular layer with a moderate number of keratohyaline granules. The posterior column seems to arise from the basal cells lining the posterior aspect of the connective tissue papilla, and does not contain a granular layer with keratohyaline granules.
The connective tissue papilla of the fungiform papilla showed a round profile, about 90 ,um in diameter. Several smaller round depressions of about 30pm in diameter could be seen on its flat surface (Fig. 5) . As shown in a light microscopical photograph (Fig. 9) , the fungiform papilla contained a larger connective tissue papilla beneath the epithelial layer in which an occasional taste bud appeared.
DISCUSSION
In order to observe the connective tissue papillae of the tongue, the epithelial cell layer must be removed. HORSTMANN (1952 HORSTMANN ( , 1954 HORSTMANN ( , 1957 used maceration in acetic acid to separate the epithelium from the oral mucosa including the tongue or epidermis from the corium of human skin. SCHENK and WERSALL (1975) tried trypsin separation of the epithelium in the human tongue. On the other hand, KLEIN-SZANTO and SCHROEDER (1977) incubated material in EDTA to separate the epithelium of the oral mucosa. In some attempts, hydrochloric acid treatment gave good results, exposing the true surface of the connective tissue papillae of the fixed tongue. EVAN et al. (1976) introduced the HCl-collagenase method for the removal of extracellular connective tissue components, rendering specimens ready for scanning electron microscope studies. DESAKI and UEHARA (1981) applied this method to the study of neuromuscular junctions, though they omitted the use of collagenase. Both reports applied HCl treatment at 60°C. In seeking to preserve the structure of the connective tissue papillae of the tongue, this high temperature turned out to be inappropriate, as it resulted in the destruction of the connective tissue architecture. Only at room temperature (about 22-25°C) and with long term HCl treatment was it possible to successfully remove the epithelial layer from the connective tissue papillae which were then preserved in their actual (KoBAYASHI et al., 1987) .
The fixatives used in the present study, i.e., formalin, paraformaldehyde or paraformaldehyde plus glutaraldehyde (KARNOVSKY,1965) brought good results in the removal of the epithelial layer from the connective tissue papillae. However, paraformaldehyde fixed tissues were so soft that refixation with glutaraldehyde or 0504 containing fixatives seemed necessary to harden them. After hydrochloric acid treatment, the dissolution of materials between the basement membrane and epithelium or between the basement membrane and connective tissue papillae is presumed to occur. Another possible effect of this method is the dissolution of the basement membrane itself, since the basement membrane could not be recognized either on the epithelial base or on the surface of the connective tissue papillae, after the long term treatment in the present study. KLEIN-SZANTO and SCHROEDER (1977) have identified regionally differing characteristics of the epithelium-connective tissue interface of the human oral mucosa as well as of the rat and mouse tongue (KoBAYASHI et al., 1987) . It is interesting to ascertain the relationship between the form of the external papillae and that of the connective tissue papillae which contain blood vessels that nourish the epithelial cells and nerve fibers which may be concerned in some sensory functions. The connective tissue papillae have been regarded as adaptive structures which enlarge the epithelialconnective tissue interface in order to achieve a broader anchorage for the epithelium and to provide a large exchange surface for nutritional purposes (HoRSTMANN 1954; KARRING, 1973) .
It has been reported by light and electron microscopic observations that in the filiform papillae of some animals anterior and posterior cell populations show different keratin patterns (in the rat: KUTUZOV and SICHER, 1951; REITH, 1963; BARATZ and FARBMAN, 1966; FARBMAN, 1970; MILES, 1974; IIDA et al., 1985 ; in the mouse: CANE and SPEARMAN, 1969; HUME and POTTEN, 1976; in the cat: BOSHELL et al., 1982; in primates: HOFER,1981) . In the present study on the puppy tongue, the anterior column of the filiform papillae contained a granular layer with moderate amounts of keratohyaline granules, whereas the posterior column possessed no granular layer.
Transplantation experiments have suggested that the typical papillary architecture and the features of the epithelium covering the connective tissue papilla result from the action of unknown connective tissue inducers (PLAGMANN et al., 1974; KARRING et al., 1975) . It may be reasonably conceived that the differentiation in the anterior and posterior columns of the epithelium in the filif orm papilla may be controlled by the connective tissue papillae.
In the light microscopical preparations, taste buds were found in the epithelial layer of the upper portion of the fungiform papillae. Therefore, the several smaller round depressions which appeared on the flat surface of the fungiform papillae may be considered as a structure dependent upon the small round masses of taste bud cells.
